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Introduction 



Background , pave the blood and 

During inflammation and immune responses, leukocytes leave the 
, * ^tLsi.eofinsult.AfamilyofcytoKinescalledchemoKinesrecru.tsubsets 



A«y.Dckt.No.:STAN110CON 



hinh affinity site responsible for specific ligand/receptor 
mai or binding surfaces a h,gh«* P the hepalin . bi(lding 0 r 

interactions and a lower affinity . « establishment 
giycosaminoglycan-binding ^^^^L,,**,-*, 

the extracellular matnx. Leukocytes cyt0 skeleton, 

*«r «ihirh then induces remodeling ot me ieu^ y , 
,ne high aff,n,ty receptor, which then ,nd ^ 

allowing flattening and cellular polanzahon. Once outside 

interact w,th CCR4. Howe . ^ ^ ^ T ^ and 

monocytes, which scons ^ .^.^ hj8tamme 

> Sh0 - ,0eXertadlVere i;:^oninbasophils,andchernotaxisinTce,,sand 
■ Chem0,a) " S ' "^J^T Th2 ce,,s has been reported to be transient, 

modulation o, <^*^ ^ ^n-regulated chemoKine) was first 

The chemokmeTARC (thymus a JARC „ expressed 

cloned by Imai er a,. 0996) J^oLCheDL 271*614 2 
25 transient, in phytohemagglutinin-stimulated 
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be produced by TH2 type T cells. WentifKdm emberoftheCC 
similarity with TARC. Northern j Hpndritic cells but not in monocytes, natural 

a ' S0 TrMDC Tn TARC Jnction as chemoattractants .or CCR4 
, MDC and TARC areboth expressed in the thymus, it has been suggested that a 
, Since MDC and lA^d.c __ : __u«.~wp<i in the process of 

class of anti-inflammatory drugs. 
20 Relevant literature Baggiolini (1998) 

"k - Porexamole Campbelle(a/.(1998)Science,showedthatSDF-1 
previously described. For example, oamp 

Uo called PBSF), 6-C-Kine (also called E xodu,2), and MlP-3be.a (also 
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«• h rPda dhesion of most circulating lymphocytes, including most CD4 + T 
Ex odus-3, .nduced adhesion o q( „ 

sells; and M IP-3alpha (aiso called LARC o Ex ^ 
but not naive, CD4+ T cells. Tangemannera,. ( 998 ,JJWL^ 

nrr ^ 

organs. CampbelleraU 998 >— ^ integ rWependen, arrest of 

as CCR7, and that its ligand, SLC, can tngg 

lymphocytes rolling under physiological shear manCD4+mem0 ^ 

both ThV and Tha-predomlnan, responses .ndflere sett^ 

t rplls correlates with and appears iu u K 
capability of human memory T cells «>"_ Tne identification of as a 
expre ssion of the skin-selective hom.ng receptor OA T ^ ^ 

, mnf p cplectin Glycoprotein ligand-1 is disciosea 
5 SPeCia '^ Tsl^ S ^ cLmphsesacarbohydrateep^that^tes 
( 1997)Nature389(6654).978 8V , hitsreactivity with a unique 

the targeting of T cells to inflamed sk,n, and ,s defined by 
mo noc,ona, antibody, HECA-452, and its «*« as a l,gand for E 
Butcher and Picker (1996)). t rells may be found in Dutton Bt a/. (1998) 

markers, and they respond ,n several way ((> ^ ^ 

naive cells. Human memory cells are CD45RA , CD45RO 
memory cells secrete a full range of T cell cytokines. 

25 SUMMARY OF THE INVENTION 

.j j to SDec ffically modulate the trafficking of systemic memory 
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Naive T cells and intestinal memory T cells are no. affected by the subject methods. 
Systemic memory T cells express high levels o, the chemokine receptor CCR4, and ,n 
response to CCR4 agonists these cells undergo integrin-dependen, arrest, n one 
embodiment of the invention, naturally occurring CCR4 ligands, wh,c ,nc lude *e 
chemokines TARC (thymus and activation-regulated chemokine) and MDC 
(macrophage derived chemokine), are used to specie* attract system, memory T 
cells. AHernative agonists for use as attractants include antibodies and o er 
compounds having specif, binding moieties to CCR4. In another em od.men of the 
invention, the trafficking of memory T cells is prevented by the admin,s,rat,or , f CCR4 

to CCR4; or compounds that prevent express, u., v. o, a . — . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A to 1E show that skin-homing memory T cells are preferentially 
attracted by TARC and MDC. A comparison is made of unfractionated lymphocytes 
from peripheral blood (Fig. 1A) w*h lymphocytes specifically attracted to various 
chemokines(Fig. IBtoFig. 1E). 

Figure 2 shows the flow cytomefry gates used to calculate percent migration ,n 

, F ' 9 ' ^ Figure 3 illusfra.es the per cent migration of CLA( + ,/a4 P 7(-) and CLA<- W> 
memory subpopu,a.ions .o various chemokines. Migration of human peripheral blood 
lymphocytes through 5^m pores, FACs analysis 

Figure 4 shows differential CCR4 expression in CD4W memon, T cell subsets 
defined by homing receptor expression. 

Figures 5A.0 Fig. 5C show TARC-induced rapid adhesion to ,CAM-1 enriched in 



a 4p7(-) memory CD4 cells. 
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Figures 6A to Fig. 6C are plots of CIA( + ) memory CD4 cells enriched by binding 
,o E-selectin transfectants, and «4p7(hi) memory CD4 cells enriched by binding to 

MAdCAM-1 transfectants. 

Figure 7 is a graph illustrating that TARC triggers adhesion of skin-associated but 

not «4p7(hi) memory CD4 T cells to ICAM-1. 

Figure 8 is a graph demonstrating that TARC triggers rapid adhesion (<1sec) of 
human lymphocytes rolling on E-selectin under physiologic shear. Adherent 
lymphocytes accumulate on capillary tube walls under shear only when E-select,n, 
chemokine and ICAM-1 are all present. 

Figures 9A and Fig. 9B demonstrate that TARC-induced ICAM-1 adhesion of 

lymphocytes rolling on E-selectin is extremely rapid. 

Description of the Specific Embodiments 
Methods are provided to specffically modulate the trafficking of systemic memory 
Tcells particularlyCD4-Tcells,withoutaffectingnaiveTcellsandintestinalmemoryT 

cells Systemic memory T cells express high levels of the chemokine receptor CCR4, 
and in response to CCR4 agonists these cells are triggered to undergo integnn- 
dependent arrest at a target site. This arrest acts to localize the cells at the target srte. 
In some embodiments of the invention, this trigger is manipulated to modulate the 
adhesion of these T cells to endothelial cells. The methods of the invention may also 
modulate the chemotaxis of these T cells, which may also control their trafficking and 
interactions in systemic sites of inflammation. 

in the subject methods, compounds that modulate the triggering activity of CCR4 
are administered systemically or locally to alter the trafficking behavior of the memory 
, T cells Trafficking, or homing, is used herein to refer to the biological activities and 
pathways that control the localization of leukocytes in a mammalian host. Such 
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trafficking may be associated with disease, e.g. in— ion, aiiergic reactions, etc., or 
mav be part of normal biological homeostasis. 

Local administration that provides for a prolonged localized concentration, wh,ch 
may utilize sustained release implants or other topical formulation, is of pabular 
interest In one embodiment of the invention the trigger modulating compound . an 
agonist of CCR4, which acts to enhance the triggering effect. In an alternative 
embodiment.thetriggermodula.ing compound blocks CCR4 activrty. /nwVo uses of the 
method are of interest for therapeutic and investigational purposes. „ rir. uses are of 
interest for drug screening, determination of physiological pathways, and the like. The 
subject methods also provide for targeting cells from blood to skin and other sys«em,c 

^^vi-va ~~ ooiie tn hp taraeted. 

sites of inflammation by expressing owv. «., u» ~.~ 

An advantage of the present invention is the selectivity for system* memory T 
cells NaiveT cells are no. affected, and therefore much of the normal ceriular immunrty 
is maintained. Another advantage is the selection for systemic vs. intestinal memory T 
cells There are many conditions that benefit from selective modulation of memory T 
cans For example, many conditions of chronic inflammation and autoimmunity are 
mediated by memory T cells, and are improved by preventing such T cells from 
accumulating target sites by the administration o, agents that block CCR4 tnggenng. 
Such treatment may be prophylactic, e.g. to prevent the onset of disease, or may be 
used to treat existing disease. „.„,,«„, 
The data presented herein demonstrate that systemic memory T cells, wh,ch are 
characterized as CD45RA', and integrin 0 4pr, express high levels o,CCR4. Ligands of 
CC R 4,igands.suchasTARCorMDC,actasanadhesion«rigge,UponCCR4b l r K . l ng 

these cells undergo interdependent arrest to the appropriate vascular recep or s). 
5 ofparticularin.eres.areskin-homingmemo^Tcalis.whichexpresshighlevelsofCLA. 

The binding to CCR4 triggers arrest of these cells, mediated by me binding of CIA to ft 
counter,ecep,or,E.selec.in.Oti,ersystemicmemoryTcellsundergo L FA-1-dependent 

lymphocyte adhesion to ICAM-1. 
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For convenience. ,he nucleic acid sequences ,SEQ iD NOS:1 . 3, 5, and amino 
acid sequences (SEQ iD NOS:2, 4, 6, o. the native human CCR4, TARC an MDC 

1 I herein a!e to the molecules corresponding t o these sequences. Nucie, ao, s 
having these sequences may be used ,o produce the encoded polypep.,des e. . o 

enhance trafficking, etc. 

Systemic memory T ceiis are characterized accordmg to 
expression of certain Known antigens. Typicaliy these ceiis are positive for CD4, and 
^ expression of CD45RA, and integrin a4 P 7. They are further charactered by 

lacK expression u v^winn of the identity 

expression of CCR4. A subset of cells ot mteresi are . ~ - 

stainingandanaiysisby.uorescencedeteCn.ELISA.e^.reversetranscnpUsePCR, 

tra „scri P ,iona, ampliation and hybridization to nucleic acid microarrays, ef. 

Some memory T cells associated wKh the skin are Known to express CLA, nd 

m0 dulate the trafficking, or homing o.these ce„s to cutaneous »,ssues. Condon o 

or infantile eczema, contact dermatitis, psoriasis, lichen planus; ^— « 
destructive responses to infectious agents, etc. Such diseases benefit from the 
ablation i CCR4 agonists. The treatment decreases the number o, system, 
memory T cells at the sites of inflammation. 

Other systemic memory cells are triggered to adhere to endotheha, ICAM-1 by 
LFA-1 binding. These adhesion molecules are implicated direct* in graft re^n 
, psoriasis, and arthritis. A CCR4 blocking agent that prevents triggenng of LFA-1 
mediated adhesion is useful in the inhMon of graft rejection by prevent ng ft. 
Lumulation of memory T cells at the sKe of graft implantation; prevents ,ntra let 
nZtion by T cells to inhibit development o, insulin-dependent diabetes meMus; 
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blocking infiltration of T cells into the central nervous system to treat multiple sclerosis 
and other demyelinating diseases; blocking the accumulation of T cells in the synovial 
joints of patients suffering from rheumatoid arthritis; accumulation of memory T cells to 
influence immune responsiveness, and the like. 

5 CCR4 agonists are useful in enhancing the immune reaction at a targeted site. 

For example, in burn patients it may be desirable to prophylactically increase the 
memory T cell population at the burn stes. Other infections, particularly located 
infections may be treated this way. including, without limitation, human herpes viruses 
including herpes simplex viruses (HSV) types 1 and 2, Epstein Barr virus (EBV), 

,o cytomegalovirus (CMV), varicella zoster virus (VZV) and human herpes virus 6 (HHV-6), 

. xi i honatitic R vims (HB\A and hepatitis C 

particularly infections ot tne mouu i ai iu a >=i • 

virus (HCC) infections of the liver, etc. 

CCR4 modulating agents are molecules that specifically act as an agonist to 
enhance CCR4 biological activity; or that act as antagonists that block CCR4 biological 
1. activrfy, for example the interaction between CCR4 and its ligands. Often such agents 
interact with the extracellular binding domain or transmembrane domam of CCR4 
protein and may actrvate the molecule through the ligand binding site, block the ligand 
binding s«e, conformational^ alter the receptor, etc. Usually the binding affinity of the 
blocking agent will be at least about 100 uM. Preferably the blocking agent will be 
20 substantially unreactive with related molecules to CCR4, such as CCR1 , CCR2, CCR3, 
CCR5 etc and other members of the seven transmembrane domain superfamily. 
Blocking agents do not activate CCR4 triggering of adhesion. Agonists may activate the 
triggering activity, enhance chemotaxis activity, or enhance the triggering activity of 
other ligands. It will be understood by one of skill in the art that the followmg 
25 discussions of cross-reactivity and competition between different molecules is intended 
to refer to molecules having the same species of origin, e.g. human CCR4 binds human 
TARC and MDC, etc. 
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Candidate modulating agents are screened for their ability to meet this criteria. 
Assays to determine affinity and specificity of binding are known in the art, including 
Ipetitive and no,compe«ive assay, Assays of interest inCude ELISA, R A. low 
cytometry, etc. Binding assays may use purified or semi-purified CCR4 pro,e,n. or 
alternatively may use native memo* T ce„s that express CCR4. orothercells. e.g. c* 
.rans.ec.ed with an expression construe, for CCR4; membranes from these cells; er, 

support e g. microtiter plate, magnetic beads, etc. The candidate mooting agent and 
soluble 

th en washed off. The abilKy of the modulating agent to compete with TARC and MDC 

„< Km inH laheled TARC or MDC. 
for CCR4 binding is determined Dy quaiiuu.™, - ~ 

Confirmation that the blocking agent does not cross-reac. with other chemok.ne 
eceptors may be performed w«h a similar assay, substituting CCR1. «*. ef, for 
CCR4 Suitablemolecuieswillhaveatleastaboutioaiessbindingtootherchemokme 

receptorsthantoCCR^moreusuallyatleastaboutlOSIessbindmg. 

A number of screening assays are available for blocking agents. The 
components of such assays wil, typically include CCR4 protein; and optionally a CCR4 
activating agent, e.g. TARC, MDC, etc. The assay mixture wi„ also comprise a 
candidate pharmacological agent. Genera„y a plurality o, assay mrxtures are ru 
paraltel with different agent concentrations to obtain a differentia, response to 
various concentrations. Typically, one of these concentrations sen.es as a negafve 
control, i.e. at zero concentration or below the level of deteCon. 

Conveniently, in these assays one or more of the molecules will be ,o,ned to a 
,abel, where the labe. can directly or indirectly provide a detectable signal Venous 
, iabels include radioisotopes, fluoresce., chemriuminescers, enzymes, specie ,nd,ng 
molecules, particles, e., magnetic parties, and the like. Specific binding motecu, 
include pairs, such as biotin and streptavidin, digoxin and an.K.igox,n etc. For 
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specific binding members, thecomplementa^memberwouldnom.ally be labeled witha 
molecule which provides for detection, in accordance with known procedures. 

A variety of other reagents may be included in the screening assay. These 
include reagents like salts, neutral proteins, e.g. albumin, detergents, etcwhich may be 
used to facilitate optimal protein-DNA binding and/or reduce non-specffic or background 
interactions. Also reagents that otherwise improve the efficiency of the assay, such as 
protease inhibitors, nuclease inhibitors, anti-microbial agents, etc. may be used. 

A functional assay that detects T cell adhesion triggering may be used for 
confirmation. For example, a population of systemic memory T cells may bestimulated 
with TARC or MDC, in the presence or absence of the candidate modulating agent. An 

._ . . . „. jo^roaoo in the T cell adhesion to the 

agent that blocks CCK4 tnggenng ». «u»= = - 

appropriate endothelial cell molecule, e.g. LFA-1 or E-selectin, as measured by the 
assays described in the examples provided herein, etc. An agent that is a CCR4 
agonist will increase adhesion of the T cells to such an endothelial cell molecule, erther 
in the absence, or in the presence of CCR4 ligands. 

CCR4 modulating agents are peptides, small organic molecules, 
peptidomimetics, soluble T cel, receptors, antibodies, or the like. Anybodies are an 
exemplary modulating agent. Antibodies may be polyclonal or monoclonal; mtact or 
truncated, e.g. F(ab') 2 , Fab, Fv; xenogeneic, allogeneic, syngeneic, or modrfied forms 

thereof, e.g. humanized, chimeric, era 

In many cases, the modulating agent will be an oligopeptide, e.g. anybody or 
fragment thereof, etc., but other molecules that provide relatively high specificity and 
affinity may also be employed. Combinatorial libraries provide compounds other than 
oligopeptides** havethe necessary binding characteristics. Generally, the affimtyw,!! 
be at least about 10-6, m „ re usually about 10-8 M , binding affinities normally 
observed with specific monoclonal antibodies. 

Candidate agents also encompass numerous chemical classes, though typ,cally 
they are organic molecules, preferably small organic compounds having a molecular 
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n, 1 U include a, least an an*, carbony,, hydro,,. or 
carboxy^roup.preferablya.leas.^oof.hefanc.ionalchem.algroups.ThacandKiate 

a L often compose cyclical carbon or heterocyclic structures and,or aroma„c or 

^aromatic structures —ted with one or .ore of - above funCona, ^ 
Cadidateagentsarealsofoundarnongbiornoiecuiesincludingpept.des.sacc.andes, 

prA.ic mPflriR are available tor 

of synthetic or natural compounds, hor examu,«, „u.„e 

random and directed synthesis of a w*e varied of organ, compounds a d 
lecuies, « expression of random^ oiigonucieotides. A—, 
libra rieso.na«ura,com P oundsinthe,or m ofbaCeriai.fun g a,,p l an,andan,ma,e^ 

1 avaiiabie or readiiy produced. Addition*, natural or synthetic* produce 

andbiochemicalmeans. Known pharmacoiogica, agents may be subiected to 

or random chemicai modifications, such as acyiatio, *»Won. ester,ficat,on. 

amidification to produce structural analogs. .. 

Suitable antibodies for use as blocKing agents are obtained by .mmun.ng a h<*t 

include mouse, rat sheep, goat, hamster, rabbK, etc. The ong.n of the pr «e n 

h, , m „n rat monkey etc The host animal will generally be 
immunogen may be mouse, human, rat, monKeyeu.. 

"" * „„rrRA need to immunize hamsters, 

a different species than the immunogen, e.g. mouse CCR4 used 

5 human CCR4 to immunize mice, etc. 

The immunogen may comprise the complete protein, or fragments a d 
derivatives thereof. Preferred immunogens comprise all or a part of the erf.ee Mar 
domain of human CCR4, where these residues contain post-translation mod,ficat,ons, 
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such as glycosylate found on the native protein. Immunogens comprising the 

ce,, populations expressing high ieveis o, CCR4, ere. Where express , c a 
re colinan, or moditled protein is desired, a vector encoding the des,red ,* 
CCR4 will be used. Generally, an expression vector will be des,gn* so that he 
extracellular domain o. the CCR4 molecule is on the surface of a transfected ce„. 
alternatively, the extracellular domain is secreted from the cell. 

Monoclonal antibodies are produced by conventional techn,ques. Generally, the 
spleen and/or lymph nodes of an immunized host animal provide a source of plasma 

spieeno r h m«f.1nma cells to produce 

ceils The plasma cells are immortaiizeo uy ,u„ u . , , 

nyoridoma cells. Culfcre supernatant from indrvidua, hybridomas is screened us,ng 
IndardtechniquestoidentKy those producing antibodies w*h the des,red spec,f * 
"able animator production of monoclonal antibodies tothe human prote^nclud 

g enera„y be a hamster, guinea pig, rabbi,, etc. The antibody may be purged from ^ 
yoridoma cell supernatants or asc.es fluid by conventional techn,oues e.g. aff, W 
chromatography using CCR4 bound to an insoluble support, protein ^ Se ^™^^ 
The antibody may be produced as a single chain, ,ns«ead o the nom,al 
numeric structure. Single chain antibodies are described in Jost * a/. <1«4) 
,69-26267-73. and others. DMA sequence encoding .he variable region of the eav 
chain and the variable region ofthe light chain are ligated to a spacer encoding at leas 
about 4 amino acids of small neutral amino acids, including glycine and/or senne. The 
protein encoded by this fusion allows assembly o, a functional variable reg.on that 
5 retains the specificity and affinity of the original antibody. 

F or Lo use, particularly for injection into humans, i, is desirable to decree e 

,„e antigenic*, o, the blocking agent. An immune response of a recipient against £ 
hlocKing agent wil, potentially decrease the period o,time,ha,.he«herapy,sef fe ct,ve. 

-13- 
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Methods of humanizing antibodies are known in the art. The humanized ant.body may 
be the product of an animal having transgenic human immunoglobulin constant reg.on 
genes (see for exampie Internationa. Patent Applications WO 90/10077 and WO 
90/04036). Alternatively, the antibody of interest may be engineered by recomb.nant 
DNA techniques to substitute the CH1 , CH2, CH3, hinge domains, and/or the framework 
domain with the corresponding human sequence (see WO 92/02190). 

The use of Ig cDNA for construction of chimeric immunoglobulin genes is known 
in the art (Liu ef a/. (1987^ P.N AS. 84:3439 and (1987) QnmunQL 139:3521). mRNA 
is isolated from a hybridoma or other cell producing the antibody and used to produce 
cDNA. The cDNA of interest may be amplified by the polymerase chain react.on using 

. . . . a ooo inc ,nH / ea^ oco\ Alternatively, a library is 
specific primers (U.S. Katenx nos. h.ooc . — , — , 

made and screened to iso.ate the sequence of interest. The DNA sequence encoding 
the variable region of the antibody is then fused to human constant region sequences. 
The sequences of human constant regions genes may be found in Kabat ef a/. (1991) 
c^,,^ of Protein- ** .mmunnlnnical Interest. N.I.H. publication no. 91-3242. 
Human C region genes are readily available from known clones. The choice of isotype 
will be guided by the desired effector functions, such as complement fixation, or activity 
in antibody-dependent cellular cytotoxicity. Preferred isotypes are lgG1 . lgG3 and lgG4. 
Either of the human light chain constant regions, kappa or lambda, may be used. The 
chimeric, humanized antibody is then expressed by conventional methods. 

Antibody fragments, such as Fv, F(ab') 2 and Fab may be prepared by cleavage of 
the intact protein, e.g. by protease or chemical cleavage. Alternatively, a truncated 
gene is designed. For example, a chimeric gene encoding a portion of the F(ab') 2 
fragment would include DNA sequences encoding the CH1 domain and hinge region of 
the H chain, followed by a translational stop codon to yield the truncated molecule. 

Consensus sequences of H and L J regions may be used to design 
oligonucleotides for use as primers to introduce useful restriction sites into the J reg.on 
for subsequent linkage of V region segments to human C region segments. C reg.on 
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CDNA can be modified by site directed mutagenesis to piace a restriction sKe at the 
analogous position in the human sequence. 

Expression vectors inciude plasmids, retroviruses, YACs, EBVderived episomes, 
and the like. A convenient vector is one that encodes a function* complete human 
CH or CL immunoglobulin sequence, with appropriate restriction sites engineered so 
th at any VH or VL sequence can be easily inserted and expressed. In such vectors, 
slicing usually occurs between the splice donor site in the inserted J region and he 
splice acceptor site preceding the human C region, and also at the splice reg,ons that 
occur w«hin the human CH exons. Po,yadeny,a.ion and transcription termination occur 
a , natrve chromosomal sites downstream of the coding regions. The resuming ctwnenc 

;«,i,Jinn r^trm/iral LTRs, e.Q. SV-4U 

antibody may be joined to any strong pro, nu« - 

early promoter, (Okayama e, a/. (1983) MaLSSlLBia. 3:280), Rous sarcoma v,rus TR 
(Gorman e< a/. (1982) UNAS, 79:6777), and moloney murine leukemia v,rus LTR 
(Grosschedle(a/.(1985)Ce!!41:885);nativelgpromoters,e(c. 

TheformulationofCCR4 modulating agent is administered at a dose effects to 
alter the accumulation of systemic memory T cells at the targeted *, e.g. a s,te of 
inflammation, cutaneous tissue, ere. The subject invention is useful in any speces, 
such as primate, particularly human, domestic animals, e.g. murine, bovine, equ.ne, 
canine, feline, ovine, porcine, etc., and any of these species may And applied as a 

20 source of antibodies. 

The antibodies or other binding molecules used in the method of the present 
invention are preferably administered to individual in a manner that will maximize the 
, ike ,ihood of the antibody or other epitope-binding molecule reaching the targeted cell, 
binding to «, and thereby modulating the interaction of chemokine and receptor. The 

26 dose for individuals of dWeren, species and for different diseases is determine by 
measuring the effect of the modulating agent on the lessening of parameters that are 
indicative of the disease being treated. 
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The CCR4 modulating agent can be given by various conventional administration 
routes e g oral, rectal, intravenous, subcutaneous, intraperitoneal, transdermal, etc. 
Formulations of the CCR4 modulating agent are administered to a host affected by an 
immune disorder characterized by undesirable numbers of systemic memory T cells at a 
target site. The blocking agents of the invention are administered at a dosage that 
reduces the number of systemic memory! cells at a target site. The blocking agents o 
,he present invention are administered at a dosage that reduces the numbers of 
memoryTcells, thereby reducingTcell mediated immune activation, particularly chrome 
inflammation, while minimizing any side-effects. The CCR4 agonists enhance immune 
reactivator example as prophyiaxis during trauma to the skin, e.g. bum victims and the 

„ »,„»<,moiotaH that the composition will be 

like; as a treatment for infection; eiu. » .» w.,~...k- 

obtained and used under the guidance of a physician for in vivo use. 

Various methods for administration may be employed. The formulation may be 
given orally, by inhalation, or may be injected, e.g. intravascular, subcutaneous, 
intraperitoneal, intramuscular, etc. The dosage of the therapeutic formulation wil, vary 
widely, depending upon the nature of the disease, the frequency of administration, the 
manner of administration, the clearance of the agent from the host, and the like. The 
initial dose may be larger, followed by smaller maintenance doses. The dose may be 
administered as infrequently as weekly or brweekly, or fractionated into sm*r doses 
and administered daily, semi-weekly, etc. to maintain an effective dosage level. 

The CCR4 modulating agents of the invention can be incorporated into a variety 
of formulations for therapeutic administration. More particularly, the agents can be 
formulated into pharmaceutical compositions by combination with approbate, 
pharmaceutical,, acceptable carriers or diluents, and may be formulated into 
preparations in solid, semi-solid, liquid or gaseous forms, such as tablets, capsules, 
powders, granules, ointments, solutions, suppositories, injections, inhalants, gels, 
microspheres, and aerosols. As such, administration of the CCR4 modulating agents 
can be achieved in various ways, including oral, buccal, rectal, parenteral. 
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intraperKoneal, intradermal, transdermal, intracheal, etc.. administration. The agents 
m ay be systemic after administration or, preferably, are localized by the use of an 
implant that acts to retain the active dose at the s'rte of implantation. 

,n pharmaceutical dosage forms, the CCR4 modulating agents may be 
administered in the form of their pharmaceutic* acceptable salts, or they may also be 
used alone or in appropriate association, as well as in combination with other 
pharmaceutic* active compounds. The foilowing methods and excipients are merely 
exemplary and are in no way limiting . 

For oral preparations, the CCR4 modulating agents can be used alone or ,n 
combination w«h appropriate additivesto make tablets, powders, granules or capsules, 

.. ... .*=.___ ^ jootocp mannitol. corn starch or 

for example, with conventional aoomves, »uv-„ <» - 

potato starch; wfth binders, such as crystalline cellulose, cellulose dehvatives, acaca, 
corn starch or gelatins; wfth disintegrators, such as corn starch, potato sfarch or sodium 
carboxymethylcellulose; with lubricants, such as talc or magnesium stearate; and 
desired, wfth diluents, buffering agents, moistening agents, preservatives and flavonng 

^^The CCR4 modulating agents complexes can be formulated into preparations for 
injections by dissolving, suspending or emulsifying them in an aqueous or nonaqueous 
solvent such as vegetable or other similar oils, synthetic aliphatic acid glycerides, esters 
of higher aliphatic acids or propylene glycol; and 1 desired, wKh conventional add„ves 
such as solubilizers, isotonic agents, suspending agents, emulsifying agents, stabtaers 
and preservatives. 

The CCR4 modulating agents complexes can be utilized in aerosol formulation to 
be administered via inhalation. The compounds of the present invention can be 
formated into pressurized acceptable propellents such as dichlorodifluoromethane, 
propane, nitrogen and the like. 

Furthermore, the CCR4 modulating agents complexes can be made mto 
suppositories by mixing with a variety of bases such as emulsifying bases or water- 
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IB 



so ,ub,e bases. The CCR4 modulating agents of the present invention can be 

are solidified at room temperature. 

Unit dosage forms for oral or rectal administration such as syrups, el,x,rs. and 
suspensions may be provided wherein each dosage unit, for example, teaspoon u 
.ablespoonful, table, or suppose, contains a predetermined amoun f the 

aoslgeformsforiniectionorin.avenousadminis^onmaycomprise^ecompond 
tne pLnt invention in a composition as a solution in sterile water, norma, sal,ne or 
another pharmaceutic* acceptable carrier. 

, mp ,ants for sustained reiease formuiations are well-known ,n the art. Imp ants 
are formuiated as microspheres, slabs, etc. w«h biodegradabte or non-biodegradable 
po ymers. For example, polymers of lactic acid and,or glycolic acid form an erod,b,e 
, p^er « is well-,o,erated by the host. The implan, containing CCR4 modulating 

agentsisplacedinproximitytothe^ 
agent is increased relative to the rest of the body. 

The term "un« dosage form," as used herein, refers to physical,, d,scre«e unrts 
su *ab,e as un«ary dosages for human and anima, subiects, each unit containing a 

n an amount sufficient to produce the desired effect in assoca on 

and the effect to be achieved, and the pharmacodynamics assocated wrfh each 
95 complex in the host. 

or di,uen,s, are readiiy avai,ab,e to the pub„c. Moreover, pharmaceutic* acce P «ab,e 
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auxiliary substances, such as pH adjusting and buffering agents, tonicity adjusting 
agents, stabilizers, wetting agents and the like, are readily available to the public. 

The compositions of the invention may also contain other therapeutically active 
agents Of particular interest are combinations with other agents capable of additive or 

5 synergistic effect in achieving a therapeutic result, e.g. where a different or 
complementary pathway is affected by each of the active agents. The combined use of 
CCR4 modulating agent and other agents has the advantage that the required dosages 
for the individual drugs may be lower, and the onset and duration of effect of the 
different drugs complementary. In the combined therapy the different active agents may 

,0 be delivered together or separately, and simultaneously or at different times within the 
day. 

Those of skill will readily appreciate that dose levels can vary as a function of the 
specific compound, the severity of the symptoms and the susceptibility of the subject to 
side effects. Some of the specific complexes are more potent than others. Preferred 
dosages for a given agent are readily determinable by those of skill in the art by a 
variety of means. A preferred means is to measure the physiological potency of a given 
compound. 

Experimental 

20 It is to be understood that this invention is not limited to the particular 

methodology, protocols, cell lines, animal species or genera, constructs, and reagents 
described, as such may van/. It is also to be understood that the terminology used 
herein is for the purpose of describing particular embodiments only, and is not mtended 
to limit the scope of the present invention which scope will be determined by the 

25 language in the claims. 

It must be noted that as used herein and in the appended claims, the singular 
forms "a" "and", and "the" include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to "a mouse" includes a plurality of such mice 
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and reference .o *e cytokine" includes reference «o one or more cytokines and 

equivalents thereof known to those skilled in the art, and so forth. 

* Unlessdef.nedothe^lse.alltechnicalandscient.cterrnsusedhere.nhave^ 

sam e meaning as common* understood to one o, ordinary skill inthe art town, ht s 
Z 2 A^hanvmethodMevicesandmatedalssimilarore^n 
Z describe herein can be used in the practice or testing of the ,nven,,on, e 

:tn e accuracy with respect to the numbers used (,., amounts, tempera,, 

Un ,ess othe.se Indicated, parts are parts V^"^™ 
molecular weight, temperature is in degrees ce,u, a ,«-, - 

plications men«oned herein are incorporated herein by reference ^ 
re,evan,p rposes,e,.,« 1 epurposeof describing and disclosing, ,orexampe, he^ 

rcons,L.andme,hodo^ 

Te usTd in connection with the present, described invention. The pub„ca„o 

J date o, the present application. Nothing herein is to be construed . an 
Hon that the inventors are not entitled to antedate such disclosure by v,ue o, 
prior invention. 

Example 1 

To identify circulating tymphocyte subsets responsive to the CCR4 Uganda *e 
phenotype of peripheral blood rymphocy.es (PBL, migrating to Ks chemok,ne „ga ds 
£ ^tlocwleana^edinastandard— 
5 a/ (1996) J Ce» BU 134. 255-266; Campbell et si (1998, J. Ce« ft* 141, «»- 
9 - cytomet. analyses were earned ou, to identify natural killer (C^ 
CD16* COW cells, B cells (CD19*). and naive (CD45RA-) and memory (CD45RA ) 
CD 4* and CDS' T cells. Because o, interest in determining the role o, chemok,nes ,n 



-20- 



Atty. Dckt. No.:STAN110CON 



~ , ■ mom nn, T cell sub-populations were also analyzed, as 

defined by express,on of .he rntegn a4 _ hi „ lymphocyt es 

i „^roccin Ml adhes on molecule (MAaoMivi \). 

" en 7h reas *4B7- cells embody memo* for systemic immune responses 
5 an * enS ' T h " 1995W Exp Med. 181.1W5.1940). As i„us.ra.ed in Figure 1 , 

. ■ o^d to SDF-1 (a ligand for CXCR4). In contrast, a4|57 
rrpm and all subsets migrated to bui- i ^ »y<" 

and predominant population 

(non-intestinal, systemic) memory CD4 T cells we P 
__.u_, tarp. and bv MDC; and a407- memory phenotype CDS cells were 

10 reciuiicuuy * 

enriched among lymphocytes responding to these chemok^ 

Migration of human peripheral biood Oocytes .rough ^ P es d 
, • Li a rate d cellswasperformedasdescribed(Campbelle ( a/.(1998).s Upra ) 
ana ysis of migrated cenb w« k rn r R/ ^ rD16(+) 

,5 CD3(-); B Cell = CD19(+), ou«H ) C D45RA(neg), 
rr>45RA(hiV CD8(+) T Cell (a4fj7(+) Memory) = CD8(hi), CD5o( ), v 
? 7 lT cD8(!) T C II <»4,7,-) Memory, = CD8(hi), CD56(-,, CD45RA,neg), M 
a4P 7 W , CD8WT0-M > CD46RA(+) CD 4( + )TCe,l(«4 P 7( + ) M emo^ = CD4W, 

===S========= 

L divided by .he total number o.specKically migrated cells/well. 
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The selective activity of the CCR4 ligands on circulating a4fj7- memory cells 
suggests a role in tissue-selective lymphocyte recruitment from the blood. To explore 
this possibility further.theresponse S ofthetwobes^haracterized,antigenicaMefined 
tissue-targeted memory T cell subsets were compared. These subsets were intestmal 
(a 4p7«> memory CD4- cells, and skin homing memory CD4* T cells defined by the 
cutaneous lymphocyte antigen, CLA. Figure 2 shows the profile of peripheral blood 
.ymphocytes from a typical healthy donor. CLA vs «4p7 staining of CD4 W /CD45RA(-) 
memory lymphocytes from peripheral blood. Gates are drawn around the sk,n 
associated CLA( + )M P 7(-) and intestinal CLA(-)M P 7( + ) memory subpopulaftons. 

CLA is a sialyl Lewis*-related carbohydrate-dependent T cell epitope that 
identifies cutaneous memory cells and functions as a T ceil homing receptor for skin. As 
shown in Fig. 3, TARC and MDC attract these skin homing memory cells extremely well, 
whereas intestinal a4p7* memory T cells respond poorly. a407" CLA- T cells also 
migrated significantly, although consistently less well than the CLA- population, 
suggesting that responsiveness of cutaneous memory lymphocytes for CCR4 hgands 
may be shared with a subset of other systemic memory cells. 

The calculation of migrated cells and calculation of % migration in Figure 3 were 
performed as described in Campbell era/. (1998), supra. Briefly, migration assays were 
carried out in RPMI-1640 with 0.5% BSA using 24-well plate tissue culture inserts 
(Costar Corp., Cambridge, MA) with 5,m pore polycarbonate filters. 5 x 10 s cells were 
placed in the upper chamber in 100 ul, 600ul of chemokine dilution in the lower well; 
and migration carried out for 90 min at 37*. To calculate per cent migration, the 
number of cells of each subtype was determined for the starting population of each 
chemotactic assay. Next, the number of cells belonging to the same subtype was 
determined for the migrated population, and the per cent migration determined from 
these two numbers. Mean and SD from 6 individual experiments is shown (wells per 
experiment described in Figure 1). Mean background migration of 1.07% for 
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CLA(-)/a4 P 7( + ) cells and 2.74% for CLA( + Mp7(-) cells has been subtracted. The 
difference in % migration between CLA W M,7(-) and CLA(-)/«W) is high* 
significant by the Mann-Whitney rank order test for TARC and MDC (p< 0.01). 

Consistent with these chemotactic responses, immunofluorescence sta,n,ng 
confirmed differential expression of CCR4 on skin-associated vs. intestinal memory 
cells As illustrated in Figure 4. most CLA- memory CD4 cells express very high levels 
of CCR4 (>95% positive; >70% over 100 mean fluorescence units), whereas most 
a 4B7» memory cells are weak or negative <<30% positive; 90% <100 mean 
fluorescence units). These data demonstrate that CCR4 and its ligands mediate 
preferential recruitment of a4 P 7- systemic memory T cells, especially the skin hommg 
population. 

in figure 4, peripheral blood memory CD4W subsets were defined by four color 
flow cytometry as follows: CLA* (left panel) = CD4(+), CLA(+), a4p7(-); ClAfc*T- 
(center panel) = CD4( + ), CLA(-), a 4 P 7<->; „4 P 7- (right panel) = CD4< + >, CD45RAO. 
^(hi) Expression of CCR4 was determined by MAb 1 G1 produced aga.nst CCR4- 
transfected mouse L1/2 cells essentially as described in Qin er a/. (1996) Eur^L 
Immunol 26:640-647 and shown to specifically stain CCR4-ex P ressing L1/2 cells but 
n^rol transfectants expressing other chemokine and related orphan receptors. 
Parallel staining with isotvpe-matched control lgG1 was negative for these subsets. 
Combined staining of three individual healthy donors is shown. Reagents: Chemok,nes 
were titered and used at the optimal concentrations for chemotaxis of unfractionated 
lymphocytesasfollows: TARC, MDC and SDF-1a = 100 nM, MIP-3P = 1 uM. Synthetic 
human TARC and SDF-1c, were obtained from Oyphon Sciences (South San Franasco, 
CA) Recombinant human MDC was obtained from Amgen (Boulder CO) and M.P-3p 
was purchased from PeproTech EC, Ltd. (Rocky Hill, NJ). Directly conjugated 
antibodies used for FACs analysis were obtained from PharMingen, Inc. (San D,ego, 
CA) unless otherwise indicated. F.TC conjugated anli- CD3 (clone UCHT1), CD45RA 
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(c ,„„e HI100). CLA (Cone HECA 452, prepared by Butcher lab staff); connate' 
„,i- CD56 (Cone B159). CD19 (Cone B43), CD27 (M-T271). ^7 (Cone ACT-t 
eukoSite, ,nc, Bloviated anti- CD45RA (Cone HI100), CD16 (cl^CDS 
(Cone RPA-T8); APC conjugated anti- CD4 (Cone RPA-T4), CDS (Cone RPA-T 
CD56 (Cone B159), TCR« P (Cone T10B9.1A-31). The second stage reagent used fo 
a „ o Jnylated antibodies was streptavidin-conjugated PerCP (BecKton D,cK,nso, San 

J0S6 ' Themokines may control lymphocyte trafficking no, only through stimulation of 
chemotaxis, bu, also by triggering rapid integrin-dependen, adhesion^ and arre. o 
,mphocytes on endothelium (Butcher (1991) £ej! 67:1033-1036; Bu cher & P oke 

'» F ' .u,. ■ .K.cic rortain chemokines can 

(1996) Science 272:60-66). Cons,stent wiin u.» 

Le ^rest o, lymphocytes under physiologic shear; and it is well docum nted 

of lymphocyte extravasation. 

Wehave,ound.ha.TARCcanbeexpressedbyactiva.edendo«hel,um. TARC, 

b ut not MDC, message was readily detected by Northern b,ot analyses in R^ from 
endotoxin- and cytokine-stimulated human umbilical vein ™ 
message was observed in primal cultures of enriched human tonsil HEV cells. Thus 

of vascular interactions by lymphocytes. 

Thedifferentialexpression ofCCR4couldcontribu.e.o lymphocyte recognfco of 
cutaneous endothelium if TARC were displayed by venules in the skin. 

5 (MAb) with venules associated with lymphocyte recruitment , including (but not l,m,«ed 
to) most E-selectin-expressing venules. 

Frozen sections were fixed 10 min a, RT in 4% paraformaldehyde in phosphate 
buffered saline (PBS). Afterwashing in PBS, standard immunoperoxidasestaimngwas 
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performed as described by Picker et al. (1991) Nature 349:796-800). MAb LS142-2D8 
was produced against synthetic human TARC by standard techniques, and selected by 
ELISA for reactivity with TARC but not MDC or other chemokines. 

Anti-TARC MAb (LS142-2D8) stains endothelial cells lining venules associated 
with lymphocyte infiltration in a case of psoriasis. Juxta-epidermal vessels were stained 
with anti-TARC but not with control lgG1 MAb. Venules in the dermis were also positive. 
In contrast, anti-TARC MAb did not stain a MAdCAM-1 -positive venule in the colonic 
lamina propria. TARC reactivity was also observed in chronically inflamed skin in 
biopsies of lichen planus, atopic dermatitis and non-specific chronic inflammation. 

Venules in minimally inflamed areas of the dermis were often positive as well, if 
ip^c intoned anH rnnftistpntlv Reactivity was also observed on many high endothelial 

logo ii uvi iwwi; ww .w.w ...j. 

venules in inflamed tonsils. These vessels, thought to mediate recruitment of subsets of 
memory as well as naive lymphocytes, may express several chemokines to support 
interactions of diverse B and T cell subsets. In contrast, venules involved recruitment to 
gastrointestinal lamina propria (identified by MAdCAM-1 staining in biopsies of small and 
large intestine, stomach, and normal and inflamed colon) were usually negative; and 
reactivity when observed was focal and weak. Parallel immunohistological studies of 
macaque skin revealed scattered constitutive anti-TARC reactivity of venules, but with 
more extensive reactivity in experimentally induced delayed type hypersensitivity 
reactions, generated as described in Silber ef al. (1 994) J. Clin. Invest. 93: 1 554-1 563. 
The results suggest that TARC is expressed in a regionally selective fashion by 
activated endothelium, and is well positioned to help control the vascular adhesion and 
arrest of circulating CCR4 + lymphocytes on inflamed endothelium in skin. 

It was then determined whether TARC could trigger rapid integrin activation and 
integrin-dependent arrest of circulating lymphocytes. In initial assays of rapid LFA-1- 
dependent lymphocyte adhesion to immobilized ICAM-1 in vitro, the CCR4 ligand TARC 
failed to induce adhesion of whole PBL that was detectable above background 
(Campbell et al. (1998) Science 279:381-384). However, purified CD4 + lymphocytes 

-25- 



Atty. Dckt. No.: STAN110CON 

displayed a significant response to TARC; and isolated a4p7- memory CD4 + 
lymphocytes demonstrated robust adhesion with up to 50% of input cells binding firmly 
to ICAM-1 within 2 mins. after chemokine addition (Figure 5). 

Moreover, TARC differentially triggered adhesion of skin vs. intestinal T cells. 
5 CLA + and a4p7* memory cells were enriched by binding isolated CD4 + T cells to 
transfected fibroblasts expressing the CLA counter-receptor E-selectin, or the <x4p7 
receptor MAdCAM-1 , followed by elution with cation chelating buffer as previously 
described. As illustrated in Fig. 5, although both populations responded equally well to 
SDF-1 , TARC selectively induced adhesion of the E-selectin-enriched CLA + population 
10 to ICAM-1 . Interestingly, although a subset of a4p?h' T cells do express CCR4, and 
a4p?hi cells do migrate above backgorund to TARC (albeit very poorly), they display 
little or no rapid adhesion to ICAM-1 : the low levels of CCR4 on the positive subset of 
intestinal memory cells (~7 fold lower median fluorescence than CLA+ T cells) may be 
insufficient to generate a robust proadhesive response, which typically requires 
15 engagement of large numbers of receptors. 

The static rapid adhesion assays shown in Figure 5 were carried out as described 
in Campbell et a/. (1998) Science 279:381-384. Briefly, human lymphocytes were 
allowed to settle in multiwell glass slides coated with ICAM-1 to a density of -1 000 sites 
per square micrometer. After cell settling, the indicated chemokines were added to a 
20 final concentration of 1 uM. The slides were washed at the indicated times to remove 
nonadherent cells, and bound cells were then fixed. Adherent cells in the microscopic 
field proximal to the site of chemoattractant addition were counted. Error bars indicate 
range of duplicate wells. Results are representative of experiments with two different 
donors. Test mononuclear cells were purified by density separation on ficoll. and either 
25 depleted of monoytes by incubation on plastic for direct use as unfractionated 
lymphocytes (left panel); or positively selected for CD4 expression (center and right 
panels). CD4(+) cells were purified from PBL with the use of anti-CD4 Dynabeads and 
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the DETACH-a-BEAD system (Dynal, Lake Success, NY) and used directly (center 
panel); or depleted of naive and a4p7(+) memory cells (right panel), by incubation with 
mouse anti-human CD45RA and mouse anti-human «4p7 (unconjugated versions of the 
same MAbs used in Fig. 1), followed by microbeads coated with anti-mouse 

5 immunoglobulin, and magnetic depletion (Miltenyi Biotec, Auburn, CA). A portion of 
each processed cell population was stained with directly conjugated antibodies and 
analyzed by flow cytometry to ascertain purity. The CD4(+) population was 99% pure, 
and the CD4( + )/CD45RA(-)/a4p7(-) population was 98% CD45RO(+) and 22% CLA(+). 
Figure 6. Purified CD4(+) T lymphocytes were incubated on MAdCAM-1 (CHO cells 

0 transfected with murine MAdCAM-1) or E-selectin (CHO-K cells transfected with human 

. , ... -t^c^ o-7n^ w win with nr.rflsinnal aaitation, non-bound 

E-selectin, KUL, inc.; ma i-i/jmo/-u iu. ^ ~ 

cells were washed away with warm complete medium, and bound cells were recovered 
by elution with divalent-cation-free HBSS for E-selectin or 0.5mM EDTA for MAdCAM-1 . 
Approximately 70% of the E-selectin-adherent population was CLA + , and only 6% were 

15 a 4 P 7hi (with the remainder naive and a4p7- memory cells); where cells enriched on 
MAdCAM-1 consisted of -60% «4p7N cells and only -5% CLA+ cells. Data presented is 
representative of two individual experiments with different donors. 

Enriched populations from above were tested for chemokine-induced adhesion to 
ICAM-1, shown in Figure 7. Adhesion was assessed 2 min after chemokine addition. 

20 Background adhesion of 1 1 % of input for E-selectin-enriched cells and 1 0% of input for 
MAdCAM-1-enriched cells was subtracted. Data shown are representative of 2 
experiments (with different donors) with 2 duplicate wells for each data point. Error bars 

indicate range of duplicates. 

Triggered adhesion of lymphocytes to endothelium in vivo must occur within 
25 seconds and under conditions of strong shear stress at the vascular wall. In inflamed 
skin, the vascular CLA receptor E-selectin is thought to mediate initial cell contact 
(tethering) and support rolling, and p2 integrin ligands mediate arrest, with a variable 
contribution of a4 P 1 integrin and VCAM-1 (Butcher & Picker (1996), supra.) Therefore, 
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to determine whether the CCR4 ligand TARC could mediate activation-dependent arrest 
of lymphocytes rolling under physiologic conditions, we coated capillary tubes with 
E-selectin in combination with TARC and/or ICAM-1 , and passed PBL through the tube 
at a wall shear stress of 2 dynes/cm2. as illustrated in Figure 8, many rolling 
lymphocytes came to a rapid stop. Arrest occurred within less than 1 second after initial 
rolling for most cells (Figs. 9A and 9B), and required the combined presence of all three 
components: lymphocyte rolling was unperturbed in the absence of ICAM-1 or TARC, 
but arrest was dramatically less efficient (Fig 8). We conclude that TARC can combine 
with vascular E-selectin and integrin ligands in a multi-step adhesion cascade in which 
both CLA/E-selectin and CCR4n*ARC contribute to the selective arrest of skin homing T 



cens. 



The adhesion assays under shear, shown in Figure 8, were performed as 
described above. Briefly, cells at 2x10 6 /ml were a passed through a capillary tube 
(1.025 mm inner diameter, Drummond, Broomall, PA) at 1250 nl/min (controlled by a 
Harvard 33 syringe pump, Harvard Apparatus, South Natick, MA), which generates a 
wall shear stress of -2.0 dynes/cm 2 . Adherent cells were counted in 10 fields (fields 
recorded at 30 sec intervals) between 6 and 11 min after the start of the assay. 
Combined data for 4 different healthy donors (10 fields each) is shown. Error bars 
indicate SD. The difference in cell accumulation between tubes coated with E-selectin, 
TARC and ICAM-1 and tubes missing either TARC or ICAM-1 was highly significant for 
the four donors by the Mann-Whitney rank order test (p< 0.03). Human E-selectin was 
purified from E-selectin-transfected L1/2 cells on an affinity column of monoclonal 
antibody E8.16-3 (PDL, Inc.) conjugated to Sepharose, using the tissue lysis procedure 
previously described (Honda et al. J. Immunol. (1994) 152:4026-4035). ICAM-1 was 
prepared from mouse spleen and lymph nodes as described in Campbell etal. (1998), 
supra. Detergent-solubilized adhesion molecules (ICAM-1 and E-selectin) and 
chemokines were coated on the inner surfaces of the tubes as previously described 
(infra.) 
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Figure 9 shows the plots depicting behavior of individual cells interacting with the 
coated areas of capillary tubes, as described above. Each line represents a cell that 
began interaction with the coated adhesion molecules within the field of observation. 
The slope of the line is proportional to the velocity of the cell. The behavior of 5 

5 representative cells is shown for each assay. The y axis indicates the length of the 
microscopic field (220 ^m), with zero as the entry into the field and 220 as the 
downstream exit from the field. The depicted time at which the cell enters the field is 
arbitrary. Capillary tubes were coated with a combination of E-selectin and ICAM-1 plus 
either medium alone (Fig. 9A) or TARC (Fig. 9B). The mean velocity of tumbling cells 

10 was 327nm/sec (+ 88 SD) under these conditions, determined for 10 randomly chosen 

. .. ~t u «„„;n~rw Tbo moan wpinr.itv of rollina cells was 

cells on uncoaiea aieas ui me uaymaiy. . ..~ .. , - 

5.1 ^m/sec (+ 1 .9 SD), determined for 1 0 randomly chosen cells on E-selectin + ICAM-1 
(without TARC). The deceleration time was defined as the time elapsed between the 
point at which the cell's speed dropped two standard deviations below the mean 

15 tumbling velocity (327-1 76=1 5 Vm/sec) and the point at which the cell came to a 
complete stop. The mean deceleration time was determined for 1 3 cells that remained 
arrested for >1min, and was 0.87sec (+ 0.92 SD). The longest deceleration was 
2.51sec for a cell that initially arrested, then rolled another cell length before coming to 
complete arrest. The fastest deceleration time was <0.03 sec, the duration of a VHS 

20 video frame, which was observed for 3 of the 1 3 cells. 

Recent reports have suggested a role for CCR4 and its ligands, especially MDC, 
in selective chemotaxis of in v/fro-polarized Th2 T lymphocytes. However, CLA + T cells 
are not enriched in Th2 cells. In fact, upon short term stimulation with general activating 
stimuli, essentially identical fractions of blood memory CLA + and CLA" CD4 cells display 

25 Th1 vs. Th2 cytokine profiles. 

The above data demonstrates that, on circulating memory lymphocytes, CCR4 
functions as a chemoattractant "homing receptor" for skin and potentially other non- 
intestinal tissues, independent of cytokine commitment patterns. Its differential 
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expression and function on fully polarized Th2 vs. Th1 cells in vitro may imply a parallel 
role for the relatively infrequent effector Th2 cells that enter the blood, or may be more 
relevant to the behavior of activated effector T cells within extravascular sites of 
inflammation. 

In conclusion, TARC and its lymphocyte receptor CCR4 are involved in the 
homing of circulating memory T cells, and in their interactions with vascular endothelium 
in cutaneous sites of inflammation. They provide the first evidence for chemokine 
involvement in tissue-selective lymphocyte-endothelial recognition, and suggest that 
CCR4 and its ligands play a fundamental role in the regional targeting of memory T 
cells, and thus in the functional segregation of intestinal vs. systemic, especially 
cutaneous, immune responses. 



Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, it will be readily 
15 apparent to those of ordinary skill in the art in light of the teachings of this invention that 
certain changes and modifications may be made thereto without departing from the spirit 
or scope of the appended claims. 
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